Xenotropic murine leukemia virus-related virus (XMRV) is a novel gammaretrovirus that was 21 originally isolated from human prostate cancer. It is now believed that XMRV is not the etiologic 22
agent of prostate cancer An analysis of murine leukemia virus (MLV) infection in various human cell 23 lines revealed that prostate cancer cell lines are preferentially infected by XMRV, and this suggested 24 that XMRV infection may confer some sort of growth advantage to prostate cancer cell lines. To 25 examine this hypothesis, androgen-dependent LNCaP cells were infected with XMRV and tested for 26 changes in certain cell growth properties. We found that XMRV-infected LNCaP cells can proliferate 27 in the absence of the androgen dihydrotestosterone. Moreover, androgen receptor expression is 28 significantly reduced in XMRV-infected LNCaP cells. Such alterations were not observed in 29 uninfected and amphotropic MLV-infected LNCaP cells. This finding explains why prostate cancer 30 cell lines are preferentially infected with XMRV. 31
Introduction 33
Xenotropic murine leukemia virus-related retrovirus (XMRV) is a novel human 34 gammaretrovirus that was originally isolated from human prostate cancer tissues [1] . Although it is 35 widely believed at present that XMRV is not the etiologic agent of prostate cancer, human prostate cell 36 lines are frequently infected with XMRV [2] . 37
It is known that some retroviruses play a critical role in leukemogenesis in various mammalian 38 species including human [3, 4] . The xenotropic MLV infection receptor (XPR1), which is also 39 recognized by XMRV [5, 6] , varies among wild mice species as a mechanism of resistance to 40 xenotropic virus infection [7, 8] . The latter observation suggests that xenotropic viruses may be 41 pathogenic in some species and implies that XMRV may affect growth of certain cell lineages. 42
Prostate cancer cell lines exhibit a propensity for infection by XMRV when compared to other 43 types of human cancer cell lines [2, 9] . It has been reported that amyloidogenic fragments originating 44 from prostatic acid phosphatase greatly increase XMRV infections of primary prostatic epithelial and 45 stromal cells [10] . In vivo infection of macaques with XMRV has confirmed that prostate tissue has a 46 high affinity for XMRV, and the prostate tissues remain continuously infected even after 5 months, 47 when XMRV was undetectable in blood [11] . Dihydrotestosterone (DHT) stimulates XMRV 48 expression in cells expressing a functional androgen receptor (AR) [12, 13] . These results suggest that 49 XMRV infection specifically confers an advantage to prostate cancer cells. 50
In this study, we aimed to determine whether XMRV infection affects androgen-dependent 51 growth of the LNCaP human prostate cancer cell line. Our results indicate that XMRV infection may 52 4 provide an androgen-independent growth advantage to prostate cancer cells. 53 54 5 2. Materials and Methods 55 2.1. Cells 56 PC-3 and LNCaP cells were obtained from ATCC. PC-3 cells were cultured in RPMI 1640 57 medium (Wako) supplemented with 8% (v/v) fetal bovine serum (FBS) (Biofuies), L-glutamine and 58 penicillin-streptomycin (both from Sigma-Aldrich). LNCaP cells [14] were maintained in the same 59 medium but additionally supplemented with 10 nM dihydrotestosterone (DHT) (Sigma-Aldrich). Rat 60 F10, human HeLa, and human 293T cells were cultured in Dulbecco's modified Eagle's medium 61 supplemented with 8% FBS and penicillin-streptomycin. All cell lines were grown in a tissue culture 62 incubator at 37°C with a 5% CO2 atmosphere. 63 Differences between two sets of data were determined by Student's t-test, and these differences 99 were considered significant when P<0.05. 100 101 8 3. Results 102
XMRV infection converts LNCaP cells to an androgen-independent phenotype 103
To analyze the effect of XMRV infection on androgen-dependent growth of LNCaP cells, the 104 proliferation of XMRV-infected and -uninfected LNCaP cells was compared. As it has been reported 105 that XMRV can replicate in rat cells but not in human 293T cells [12,13,], virus was first rescued by 106 transfection of an XMRV expression plasmid [1] in rat F10 cells. Undiluted culture supernatant from 107 these cells was then added to LNCaP cells with polybrene and cultured for 24 h. The XMRV-infected 108 and -uninfected cells were maintained in the presence of 10 nM DHT for more than 3 months. 109
Uninfected LNCaP cells did not grow in the absence of DHT ( Fig. 1A) but did in the presence of DHT 110 LNCaP cells. As demonstrated by western blot analysis, the expression of AR protein gradually 144 decreased after XMRV infection of LNCaP cells ( Fig. 2A) . Expression was significantly decreased 145 but still detectable 2−3 months after infection, but by >3 months no expression was observed. 146
Therefore, the reduction of AR expression occurred in parallel with the conversion to 147 androgen-independent proliferation. In LNCaP cells chronically infected with amphotropic MLV, AR 148 expression was not affected (last lane of Fig. 2A ). 149
To determine whether the reduction of AR protein expression by XMRV infection was 150 associated with decreased AR transcript levels, we examined mRNA expression by semiquantitative 151 RT-PCR. As the result, we found that the AR mRNA level in LNCaP cells is counteracted by the 152 XMRV infection (Fig. 2B) . These findings demonstrated that the XMRV infection induces the 153 androgen-independent growth and attenuates the AR gene transcription in LNCaP cells. 154
LNCaP cells have been shown to exhibit androgen-dependent expression of the 155 prostate-specific antigen (PSA) [14] . We therefore analyzed PSA expression in LNCaP cells 156 converted to androgen independence by XMRV. PSA expression was not detected in HeLa, 293T, or 157 androgen-independent PC-3 prostate cancer cells (Fig. 2C ). Uninfected LNCaP cells expressed PSA, 158 but chronically XMRV-infected LNCaP cells did not, even though the cells were cultured in the 159 presence of DHT. 160 161 11
The expression of XMRV proteins depends on androgen stimulation 162
Because it has been reported that XMRV expression is dependent on androgen and AR [12,13], 163 we analyzed XMRV Gag and Env protein expression in infected LNCaP cells. Our results show that 164 expression of XMRV Gag gradually decreased after infection, correlating with the time course of 165 conversion to androgen-independent growth (Fig. 3A) . Three months after XMRV infection, both the 166 Gag precursor and mature protein levels were much lower than after 1−2 month. The XMRV Env 167 protein was expressed for as long as 3 months after infection, but at periods longer than 3 months 168 expression was not detected (Fig. 3B) . 169
Amount of XMRV sequence integrated into genomes of chronically infected LNCaP cells were 170
comparable to that at shorter than 1 month (Fig. 4A) , indicating that XMRV-infected cells were 171 maintained during the culture. XMRV RNA level at periods longer than 3 months after XMRV 172 infection was lower than that at shorter than 1 month (Fig. 4B) . These results indicate that XMRV 173 expression is reduced during LNCaP cell phenotypic conversion and support the conclusion that 174 XMRV expression is dependent on androgen [12, 13] . 175
The XMRV Gag proteins were not detected by western analysis of XMRV-infected PC-3 cells 176 ( Fig. 3A) , but the XMRV env sequence-containing RNA was detected by RT-PCR (Fig. 4C) , showing 177 that XMRV genome was integrated and transcribed at low level in PC-3 cells. Because PC-3 cells are 178 androgen-independent and lack AR expression [16], the androgen-dependent XMRV Gag protein level 179 was presumably below detectable limits (Fig. 3A) . In contrast, Gag protein was detected by western 180 analysis in LNCaP cells chronically infected with amphotropic MLV (Fig. 3A) , showing that the 181 12 amphotropic MLV expression was independent of androgen. 182 183 184 13
Discussion 185
In this study, we found that XMRV infection converts the androgen-dependent phenotype of 186 LNCaP cells to androgen independence, and it reduces AR expression. This effect seems to be 187 relatively specific to XMRV, as it was not observed with amphotropic MLV infection of the same cells. 188
Consistently, it has been reported that XMRV activates tumor growth and invasiveness of LNCaP cells 189 [17, 18, 19] , but androgen-dependence of LNCaP cell proliferation was not analyzed in these studies. 
